
AUGUST 21, ] 869.] 
mensions and suitable for girders, but refuse to fill any but 
large orders." Indeed Mr. Wight believes that only one mill 
has rollers for beams larger than thirteen inches, while the 
others will not put up machinery until they get large enough 
offers. " So we are thus far deprived of large smooth beams of 
one piece, for girders of long span-beams which no one would 
desire to hide from view, but which might honestly tell their 
use to every beholder. For supports between beams we have 
had Peter Cooper's terra cotta pots and the four-inch brick 
arches. The former are out of use, and the latter are almost 
universally employed. Corrugated iron-first used in the 
Columbian Insurance building by Mr. Diaper-has also gone 
out of use. The destruction of the Fulton Bank, a so-called 
firc-proofbuilding. sealed its fate as far as floors are concerned. 
We have also had the experiment of stone floors in the Amer
ican Exchange Bank, by Mr. Eidlitz, and repeated by another 
architect in the Mutual Benefit Life Insurance Building at 
Newark, N. J. The stone slabs, brick arches, and the Pa
risian floors-of plaster or concrete, bedded upon bar iron 
gratings inserted between the beams-are the only practical 
system of fire-proof floor construction now in use." The only 
attempt to lay the floor on the beams, of which Mr. Wight 
had knowledge, is in the sugar house above mentioned. This 
has suggested to him several methods of laying rigid floors 
upon beams at considerable spaces (three to five feet) from 
one another. Preliminary to so doing Mr. Wight sugge�ts 
the revival of the deck beam, or the I-beam with a better 
form for the bottom flange, and the adoption of cast-iron shoes 
for the bearings. 

(To be concluded next week.) 

------- ... �----

ON RIVETS AND RIVETING. 

(Condensed from Van Nostrand's Magazine.) 

BY M!.R'l'IN RALCKE. 

'rhe following remarks do not refer to riveting for the pur
pose of merely uniting two parts of machinery or two sheets 
of iron, but they apply to rivetings which require a higher 
degree of strength and solidity, as, for instance, for boilers 
and working parts of machines. It is a general rule for all 
conslructions, especially for those in iron, to distribute the 
strain which has to be withstood by a certain part of a ma
chine, as evenly as possible over the solid mass of the said 
part. This rule is also very important in the use and ar
rangement of rivets. The simplest and safest way to carry 
out this rule is to calculate directly the areas of the working 
sections, and to see that the strain which acts on any part of 
a section, does not exceed certain limits generally conceded 
to the respective materials. This is the way also to avoid the 
use of empirical formulre, the most important coefficients of 
which are always dictated by the personal opinions and no
tions of their authors. 

The force necessary to te!T a wrought-iron bar of a certain 
section, is so nearly equal to that required for cutting or 
shearing the bar, that both may be considered as equal in 
calculations, for practical purposes. 'l'he limit of elasticity 
of soft wrought iron, as generally used for rivets, is at a 
pressure of about 18,000 Ibs, on the square inch. With 
boilers the strain of tension per square inch of section of 
the material, ought not to reach 9,000 Ibs.; because continued 
heating and long use weaken the material considerably. 

In the construction of stationary boilers, one square inch 
of section, taken through the riveting, ought generally not 
to be strained above 12,000 Ibs. But if a riveted part of a 
machine has to sustain a strain acting altemately in two dif
ferent and opposite directions, this strain should never exceed 
2,000 Ibs. per square inch of section. 

If a quite uniform distribution of the strain over all the 
sections cannot practically be obtained, at least the tension of 
the sections which are exposed to the highest strains ought 
to be kept within the above mentione<i limits. 

The shape of the head of a rivet is dependent on the kind 
of strain to which the rivet is subjected. This strain can 
have the tendency of tearing or of shearing the rivet, or of 
both simultaneously. If a rivet has to withstand a tearing 
strain, the hight of its head must be such that the cylindrical 
surface which would make its appearance when the head of 
the rivet would be stripped off, is equal to the area of a cross
section through the rivet-that is, the hight of the head has 
to be one half of the radius, or one fourth of the diameter of 
the rivet. 

Practical experiments on the strength of rivets haV'e come 
to the same result, and have besides shown very distinctly 
that the rivet holes should never have sharp edges, and that 
the head of a rivet ought to be connected with the shaft by a 
conical part. Whenever this part is omitted, and when, con
sequently, the rivets have sharp corners below their heads 
and the rivet holes sharp edges, the rivets break close to the 
head, when subjected to a strain of tension and when the 
heads are strong enough not to be stripped off. When, on 
the contrary, the rivets have a conical connecting part be
tween their heads and shafts, they extend considerably before 
they break, and the rupture finally occurs in the middle of 
the shafts. All experiments have given this result without 
exception. 

Rivets subjected to a shearing strain only, would theoreti
cally not require any head at all. But it is good also in this 
case to make the heads of the rivets as high a8 above deter
mined, because generally a close contact af the riveted parts 
is desirable, and because the rivets, being set in red-hot, have 
to resist the strain of tension produced by their contraction in 
cooling. 

If the heads of rivets have to be countersunk, their best 
shape is that of a truncated cone, the angle at the point of 
which eone would be of 75°. 

'fhe sectional area of tho shaf t of a rivet, expressed in 

J dentin, �Uttti,au. 
square inches, is found by dividing the actual and total strain 
on the rivet, by the strain practically admissible on the square 
inch of the respective material. 

We will now examine the riveting of simple round boilers. 
The shearing strain in pounds on every rivet in the length 
rows is eq ual to one half the diameter of the boiler in inches, 
multiplied by the rivet distance in inches, multiplied by the 
steam pressure in pounds less 15 pounds atmospheric press
ure. 

The strain upon every rivet distance in rows round the 
boiler cxprGssed in pounds is equal to one fourth the diame
ter of the boiler in inches, multiplied by the distance between 
any two rivets in the same row round the boiler taken in 
inches, multi plied by the steam pressure per square inch in 
pounds, less 15 ponnds atmospheric pressure. 

Now, to obtain an even distribution of the total pressure in 
the boiler over all its sections, the sectional area of a rivet 
has to be equal to the sectional area of the plate between 
two rivet holes, and equal al20 to the double area of a section 
through the platn, from a rivet hole to the edge. That is, the 
sectional area of the rivet in square inches must equal the 
distance between any two rivets in a row round the boiler in 
inches minus the diameter of the rivet, multiplied by the 
thickness at the boiler plate in inches; or, conversely, the 
distance in inches between any two rivets in a row round the 
boiler must equal the sectional area of the rivet in square 
inches, divided by the thickness of the boiler plate in inches, 
plus the diameter of the rivet. 

From this we conclude that the rivet distance is dependent 
on the diameter of the rivets, and, reciprocally, the diameter 
on the distance. To determine these, it is necessary to take 
into consideration the possibility of making and keeping the 
boiler tight, which possibility depends principally on the re
lation between the thickness of the plate and the rivet dis
tance. Let us consider a special case to explain this more 
fully. We suppose a simple cylindrical boiler to have a 
diameter 42 inches; the thickness of the plate, 0'3 inches; 
the excess of the steam pressure over the atmospheric press
ure,42 lbs. Under these conditions the strain of tension per 
square inch of plate section, taken parallel to tb e axis of the 
boiler, is- I 

21 x42 
-

o:s
-=2,940 Ibs. 

In taking the areas of the rivet sections equal to those of 
the plate sections contained between two rivet holes, accord
ing to the above rule, and in calculating the following items 
for three different rivet diameters, for the sake of compari
son, we find-

The rivet diameter being tin., tin., * in. 
Area of rivet section (sq. in.), 0'307, 0'442, 0'601. 
Distance between rivets (inches), 1 648, 2'22, 2'878. 
Shearing strain on a rivet (lbs,), 1,453, 1,959, 2,538. 
Strain per square inch on a section through the plate, or 

through the rivets in the length rows of the boiler (lbs.), 
4,730, 4,430,4,220. 

[Tht; shearing strain on rivets and the strain per square inch 
of seciion in the rivet rows round the boiler, are one half of 
those in the length rows.] 

The strength of the riveting compared to the strength of 
the simple plate is 0'62, 0'66, 0'70, for the three different rivet 
diameters. 

The advantages and disadvantages of the one or other of 
t he chosen ri vet diameters are clearly shown by these figures. 
The t-in. rivets produce a very small comparative strength of 
the riveting (0'62). The i-in. riveting has a great compara
tive strength; but the distance between the rivets (2'878 in.) 
is too large in proportion to the thickness of the plate, to al
low of a good and safe tightening of the joints. The t-in. 
rivets, not showing either of the two mentioned disadvan
tages in a c onsiderable degree, are ev.dently the best in this 
special case. 

--------�O.� •• �--------

ON THE TEMPERATURE OF COAL MINES. 

A PAPER READ BEFORE THE MIDI�AND SOIEN'rU'IC SOCIE'rY, ENGLAND, BY 

A. LUP1'ON, F.G.S. 

In instituting the experiments, the result of which I pro
pose to describe to the present meeting, and which extended 
over a period of a year and a half, I was actuated by a desire 
to ascertain the amount of I ruth in the often-repeated state
ments of practical men, that the temperature of deep mines 
that had been at work for some time, did not exceed the tem
perature of shallower mines, and to reconcile, if possible, those 
statements with the generally-accepted observations recorded 
by scientific men, which tended to prove a gradual increase in 
the earth's temperature in descending. Owing to the kind
ness of the engineer, I had the opportunity of ascertaining 
the temperature of two shafts as they were sunk; the method 
of observation was as follows: A bore-hole was made in the 
center of the shaft bottom, from 6 to 9 feet deep; a thermom
eter was let into the bore-hole by means of a wire, then the 
top of the hole wa� tightly plugged with hemp and clay, in 
order to prevent, as far as possible, the circulation of water in 
the hole. The thermometer was allowed to remain in the 
hole for 24 hours at a time. I used maximum registering 
thermometers, seme by Negretti & Zambra, and some by Mr. 
Davis, of Derby. Owing to the presence of water in both the 
shafts, the value of these experiments is much diminished; 
and, in one shaft, which attained a depth of 906 feet, the rise 
in temperature, as recorded by the thermometers, was only 1 ° 

for every 120 feet ; in the other shaft, where there was less 
water, and which attained a depth of 966 feet, the rise in tem
perature was 1 ° in 73 feet. I next had a series of holes bored 
horizontally in the shaft sides, into each of which I put a ther
mometer; the holes were tightly plugged, to hinder the cir
culation of air in them. The temperature of these holes re 
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mained the same, winter and summer, throughout great vari
ations of temperature in the air of the shaft. In the drier of 
the two shafts above-named the rate of increase in temperature 
varied from l' in 70 feet, to 10 in 60 feet. I then repeated 
similar experiments to these last at the Hucknall Colliery, in 
Nottinghamshire, through the kindness of Mr. Fowler, the 
engineer, and founu a regular increase in the temperature of 
the works of lOin 60 feet; the depth of the pit is 1,250 feet. 
Also, by the kind permission of Mr. E. Hedley, the engineer, 
I took the temperature of the coal at the bottom of the An
nesley Colliery; the temperatnre was 73', and the depth 1,425 
feet, being an increase of 10 in 60 feet. By the kinunes8 of 
Mr. Carrington, I was enabled to make similar observations 
at the Kineton Park Colliery; the pit is 1,200 feet deep, the 
temperature of the coal 71 0, being an increase of 1 ° in 55 feet. 
The reslllt of all my observations is, that the permanent tem
perature of the earth, at the depth of 50 feet, is 500, and the 
regular rate of increase in temperature, below that depth, 1° 
in 60 feet. Observations made by others in the North of Eng-
land and South Wales seem to prove the temperature of the 
mines depends on the depth below the surface of the ground, 
irrespective of the depth below the sea-level. 

The next question is, given the above rate of increase in the 
earth's temperature, at what depths will it be practicable to 

get coal? I, therefore, made some experiments to ascertain 
what effect ventilation worrld have in cooling the mines. At 
the Hucknall Colliery the temperature of the coal, when first 
the pit was sunk was 70°; ten months afterward a hole was 
bored, 2 feet deep, into the side of a coal head, through which 
a current of air had passed, and the temperature of the coal 
was found to be 59to. At the Annesley Colliery, the coal, 
when first cut, had a temperature of 73°, whilst a bore-hole in 
a head that had been driven six months, had a temperature of 
64°. At Kineton Park, the coal, when first cut, had a tem
perature of 73°; and, after three months exposure to a current 
of cold air, the temperature of the coal in a hole 2 fe8t ueep 
was 60°. Many other experiments, at other collieries, gave 
similar results. With a small sensitive thermometer I found 
the coal, in heads that had been driven some time, was, at a 

depth of only 6 inches from the surface, of the same temper
ature as the air circulating past. From the above experiments 
I came to the conclusion that the passages in a mine were 
soon cooled by a brisk current of air, coal being a bad con
ductor of heat. 'rhe internal heat of the pillars of coal could 
not be conveyed to the surface as quickly as it is carried away 
by the current of air. At a depth of 10,000 feet, the temper
ature of the coal would probably be about 212°. According 
to Peilet, 1 square foot of cast iron, at a temparature of 212°, 
in an atmosphere at a temperature of 79°, would give out a 

certain number of units of heat in a minute. Supposing, for 
the sake of argument, that 1 square foot of coal surface would 
give out the same number of units of heat, under similar cir
cumstances, I have calculated that a mine of sufficient extcnt 
to produce 1,000 tuns of coal per diem, in a seam of average 
thickness, would raise from 1,300,000 to 1,500,000 cnbic feet of 
air in a minute, from a temperature of 59° to 79". In esti
mating the extent of the heating surface in the mine, I havo 
taken the face of work at a temperature of 212°; and the gate
roads less than a year old have been reckoned as having, on 
the average, only half the heating power of freshly cut coal, 
and all the roads along which a current has been passing for 

more than a year, are supposed to be cooled down to a tem
perature of 60°. It is quite possible for men to work in a cur
rent of air no hotter than 79°, and it is also an engineering 
possibility to produce a current of air of the above-mentioned 
volume; and the expense of producing such a current would 
probably not be an insurmountable obstacle. Having COll
sidered the subject a great deal, I have come to the conclu
sion that, as far as the temperature of the earth is cOllcerneu, 
it will be possible to work coal at a depth of even 10,000 feet. 

------.... -� .. �---------
An Apparatus Cor Prognosticating the Weather. 

The following is the description of an instrument devised 
by M. Bonneville, of Paris. The instrument is composed of 
the motor, which imparts motion to the index needle. 'fhe 

motor is composeu of two wooden strips, or thin blades, stuck 
one upon the other, of different hygrometric capacities, one of 
which is called the positive, and the other the negative. 
These strips, or thin blades of wood, are curvilinear, and 
assume the form of an arc of a circle. One of the extremities 
of this arc is fixed to a square held by screws on to a brass 
disk; the other extremity is loose and movable. It is con
nected by a silken thread passing round one of the two 
grooves of a pulley, with an arbor forming the axis of the 
index needle. The force of the motor is opposed by a spring 
fixed upon the brass disk, and connected by another silken 
thread with the arbor, round the second groove of which it is 
wound. The expansion of the motor, �r its contraction as 
shown by the index, indicates the presence of much moistUl'e 
in the air or the opposite condition. 

----------... � ... �---------

IMPROVED MARINER'S COMPAss.-The Earl of Caithness is 
the inventor of a new mode of suspenuing ships' compasses, 
which for efficiency and simplicity is said to surpass anythillg 
yet produced. Instead of the two concentric brass rings hav
ing their axles at right angles, known as gimbals, Loru Caiik -
ness employs a pendnlum and ball, which ball works in a 

socket in the center of the bottom of the compass bowl. The 
compass works, therefore, on one bearing on the ball-anu
socket principle, and thus maintains its parallelism with the 
horizon in the heaviest weather. If we may credit the pub
lished reports of the trials, the simplicity of this invention is 
not more striking than its efficiency. It is stated tbat it haB 
already stood the most trying tests, and the oscillation of COlll
passes to which it is applied, as compared with the oscillation 
of the gimbal compass is as degrees to points. 
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